Many advanced materials characterization techniques that perform at the highest spatial and energy resolutions have strict dimensional requirements on acceptable samples. For example, the transmission electron microscope (TEM) generally requires samples to be electron transparent, which means samples must be <100 nm thick and they must fit in a holder that typically holds 3 mm-diameter discs. Electron energy loss spectroscopy (EELS) in the TEM may place further restrictions on sample thickness (e.g. < 50 nm). Likewise, scanning transmission x-ray microscopy (STXM) requires samples be x-ray transparent for x-ray absorption spectroscopy (XAS) and typically < 500 nm thick. Common sample preparation and thinning techniques include 1) dimpling and Ar-ion milling, or 2) focused Ga-ion beam (FIB) thinning. However, for samples that are made up of a collection of 100 nm -5 µm diameter particles, this can be challenging. For example, preserving the arrangement of particles in an electrochemical experiment for ex situ microscopy is difficult. In addition, artifacts caused by redeposition and beam damage from ion beam removal techniques can be difficult to prevent. Here, we demonstrate the successful use of the ultramicrotome [1], usually used for soft and biological materials, for the preparation of thin inorganic particle samples.
: (a) Optical micrograph of LiFePO 4 battery electrode sectioned with the ultramicrotome and attached to a TEM grid. The full section of the electrode is intact and the particle arrangement is preserved relative to the current collector. A lower magnification bright-field TEM image (b) shows that the cross section is electron transparent and a fraction of the particles have fallen off of the section. A STXM Fe state of charge map is overlaid a bright-field TEM image in (c) where the state of charge of the Fe cations is determined from the reference spectra shown in (d). It is possible to map the state of charge particle-by-particle in these Li-ion battery electrodes. 
